Risperidone (RSP) and its major active metabolite, 9-hydroxy-risperidone (paliperidone, PALI), are substrates of the drug transporter P-glycoprotein (P-gp). The goal of this study was to examine the in vitro effects of RSP and PALI on P-gp-mediated transport. The intracellular accumulation of rhodamine123 (Rh123) and doxorubicin (DOX) were examined in LLC-PK1/MDR1 cells to evaluate P-gp inhibition by RSP and PALI. Both compounds significantly increased the intracellular accumulation of Rh123 and DOX in a concentrationdependent manner. The IC 50 values of RSP for inhibiting P-gp-mediated transport of Rh123 and DOX were 63.26 and 15.78 mM, respectively, whereas the IC 50 values of PALI were 4100 mM, indicating that PALI is a less potent P-gp inhibitor. Caco-2 and primary cultured rat brain microvessel endothelial cells (RBMECs) were utilized to investigate the possible influence of RSP on intestinal absorption and blood-brain barrier (BBB) transport of coadministered drugs that are P-gp substrates. RSP, 1-50 mM, significantly enhanced the intracellular accumulation of Rh123 in Caco-2 cells by inhibiting P-gp activity with an IC 50 value of 5.87 mM. Following exposure to 10 mM RSP, the apparent permeability coefficient of Rh123 across Caco-2 and RBMECs monolayers was increased to 2.02 and 2.63-fold in the apical to basolateral direction, but decreased to 0.37 and 0.21-fold in the basolateral to apical direction, respectively. These data suggest that RSP and PALI, to a lesser extent, have a potential to influence the pharmacokinetics and hence the pharmacodynamics of coadministered drugs via inhibition of P-gp-mediated transport. However, no human data exist that address this issue. In particular, RSP may interact with its own active metabolite PALI by promoting its brain concentration through inhibiting P-gp-mediated efflux of PALI across endothelial cells of the BBB.
INTRODUCTION
P-glycoprotein (ABCB1, MDR1, P-gp) is an ATP-dependent efflux transporter (Ayrton and Morgan, 2001; Mizuno et al, 2003) . In addition to its expression in multidrug resistance tumor cells, the distribution of P-gp includes the epithelial cells lining the luminal surface of enterocytes in the small intestine, the canalicular surface of heptocytes, the apical surface of epithelial cells of proximal renal tubules, epithelial cells of placenta on the maternal blood flow side, and the luminal surface of capillary endothelial cells comprising the blood-brain barrier (BBB) (Cordon-Cardo et al, 1989; Lieberman et al, 1989; Fardel et al, 1993; Gatmaitan and Arias, 1993; Bendayan et al, 2002) . It is becoming increasingly apparent that P-gp plays an important role in the disposition of numerous structurally diverse drugs that are its substrates (Benet et al, 1999) . For example, owing to its active efflux, P-gp limits the intestinal absorption of cyclosporine, ivermectin, and paclitaxel after oral dosing (Sparreboom et al, 1997; Kwei et al, 1999) . We and others have shown that P-gp limits the brain penetration in animals of a number of centrally active drugs including risperidone (RSP), its active metabolite 9-hydroxy-resperidone (paliperidone, PALI), methadone, olanzapine, and others (Aquilante et al, 2000; Wang et al, 2004a, b, c) . The anatomical localization of P-gp implies it plays a critical role in protecting cells and organs from exposure to xenobiotics. However, P-gp also limits a variety of medications from reaching their therapeutic target(s) thereby preventing or minimizing pharmacological effects. Thus, the status as P-gp substrates of lead compounds in drug development may influence the choice of formulation, route of administration, and dose necessary to achieve desired effects (Mizuno et al, 2003) . The potential for drugdrug interactions arises when the P-gp substrate is also an inhibitor of P-gp or is coadministered with an inhibitor (Lin, 2003) .
RSP is one of the most commonly used atypical antipsychotics. Its major route of elimination is oxidation via hepatic CYP2D6 to 9-hydroxy-risperidone (DeVane and Markowitz, 2000) . This active metabolite, also known as paliperidone (PALI) , is currently in development as a separate antipsychotic drug (Seeman, 2005) . RSP and PALI have similar binding affinities for several receptors thought to be important for antipsychotic efficacy and a favorable adverse event profile (Schotte et al, 1993 (Schotte et al, , 1996 . The K i values for binding to the dopamine D 2 and 5HT 2A receptor subtype for RSP and PALI were 5.9 and 4.8 nM, and 0.16 and 0.25 nM, respectively. However, the off-rate for dissociation from human cloned D 2 receptor is faster for PALI (60 s) compared to RSP (27 min) (Seeman, 2005) . By using the P-gp knockout mouse model, we and others have demonstrated that both RSP and PALI are P-gp substrates and their entry into the brain is dramatically limited by P-gp in the BBB (Wang et al, 2004a; Doran et al, 2005) . Following intraperitoneal (i.p.) dosing, brain concentrations of RSP and PALI in knockout mice were more than 10-fold higher than that in wild-type mice, whereas plasma revealed no significant differences in concentrations.
It is well known that some P-gp substrates (eg verapamil, quinidine, etc) are also potent P-gp inhibitors (Sadeque et al, 2000) . Coadministration of these inhibitors may result in the alteration of the pharmacokinetics of other drugs that are P-gp substrates (Kharasch et al, 2004; Nakagami et al, 2005) . Recent studies have demonstrated that RSP increased the intracellular accumulation of P-gp substrates rhodamine123 (Rh123) and calcein-AM in bovine brain microvessel endothelial cells and MDR1 gene transfected MDCK cells, respectively, indicating that RSP is a potential P-gp inhibitor (Mahar Doan et al, 2002; Bachmeier and Miller, 2005) . However, the possible effects of RSP on the disposition of coadministered drugs through P-gp inhibition remain unknown. Our recent study indicated that RSP significantly increased brain concentrations of sertraline and its metabolite desmethylsertraline in a mouse model without significantly altering their plasma concentrations at 1 h after i.p. injection (Wang et al, 2006a) . Based upon a P-gp ATPase activity assay, we have demonstrated that sertraline and desmethylsertraline have high affinity for P-gp indicating that both compounds are potential P-gp substrates (Wang et al, 2006b) . Therefore, the increases of sertraline and desmethylsertraline brain concentrations might be caused by the inhibition of P-gp in BBB by RSP.
In this study, the inhibitory effects of RSP and PALI on P-gp activity were investigated utilizing the P-gp overexpressing cell line LLC-PK1/MDR1. Furthermore, the monolayers of Caco-2 and primary cultured rat brain microvessel endothelial cells (RBMECs) served as small intestine and BBB in vitro models, respectively, to evaluate the possible influence of RSP on the absorption and BBB transport of drugs that are P-gp substrates. This report provides the first data, to our knowledge, documenting the P-gp inhibitory properties of PALI and the potential influence of RSP on the disposition of drugs that are P-gp substrates through P-gp inhibition.
MATERIALS AND METHODS

Materials
The pig kidney epithelial cell line LLC-PK1 and its P-gp overexpressing mutant LLC-PK1 
Cell Cultures
LLC-PK1, LLC-PK1/MDR1, and Caco-2 cells. LLC-PK1 and Caco-2 cells were cultured at 371C in DMEM supplemented with 10% fetal bovine serum, 1% MEM nonessential amino acids, 100 U/ml penicillin, and 100 mg/ml streptomycin in an atmosphere of 5% CO 2 and 95% relative humidity. LLC-PK1/MDR1 cells were cultured under the same conditions with the exception of the addition of 640 nM of vincristine which was added to the culture medium to maintain P-gp expression (Smit et al, 1998) .
For Rh123 and DOX intracellular accumulation experiments, cells were seeded at a density of 1 Â 10 5 cells/ml/well in 24-well plates. Culture medium was replaced every 2 days until cells reached confluence.
For transport experiments, Caco-2 cells were seeded onto polyester membrane filters (0.4 mm pores, 4.7 cm 2 growth area, Corning Inc., Corning, NY) of Transwell inserts at a density of 1 Â 10 5 cells/cm 2 . Culture medium was likewise changed every 2 days. Transepithelial electric resistance (TEER) of RBMECs monolayers was monitored before transport studies using an EVOMeter fitted with chopstick electrodes (World Precision Instruments, Sarasota, FL), and the monolayers with TEER of greater than 500 O cm 2 were utilized for the transport studies.
Primary culture of rat brain microvessel endothelial cells. RBMECs were isolated according to the modified method of Abbott et al (1992) . Briefly, the cerebral cortex was obtained from 10-15-day-old rats and washed 3 times with ice-cold DPBS. After surface vessels and meninges were removed, cortex gray matter was minced and incubated at 371C for 1 h in serum-free DMEM containing 20 U/ml Dnase I and 0.1% collagenase II/dispase. After digestion, the enzyme mixture was triturated with a Pasteur pipette, then centrifuged at 800g for 5 min. The resultant pellet was resuspended in DPBS containing 25% bovine serum albumin (BSA) and centrifuged at 2000g at 41C for 10 min to remove fat, cell debris, and myelin that were floating on the BSA solution. The pellet containing microvessels was resuspended and incubated in serum-free DMEM containing 0.1% collagenase II at 371C for 30 min for a second digestion that served to remove the microvessel basement membrane. Released endothelial cells were further purified by centrifugation over a 50% Percoll gradient. The cells were maintained in DMEM supplemented with 20% fetal bovine serum, penicillin 100 kU/l, and streptomycin 100 mg/l.
For transport experiments, RBMECs were applied to polyester transwell membranes (0.4 mm pore size; 4.7 cm 2 growth area; Corning Inc., Corning, NY) at a density of 1 Â 10 5 /cm 2 . Culture medium was changed every 3 days. The monolayers with TEER of greater than 250 O cm 2 were utilized for the transport studies.
Intracellular Rh123 and DOX Accumulation Studies
Intracellular accumulation of P-gp substrates Rh123 and DOX were measured to evaluate the P-gp activity in LLC-PK1/MDR1 and Caco-2 cells whereas LLC-PK1 was included as a negative control (van der Sandt et al, 2000) . After reaching confluence, cells were preincubated at 371C for 30 min with transport buffer (serum-free DMEM containing 25 mM N-2-hydroxyl piperazine-N 0 -2-ehane sulfonic acid, pH 7.4). Vehicle control (0.5% dimethylsulfoxide (DMSO)), specific concentrations of RSP, PALI, or PSC833 were added, then 5 mM of Rh123 or 10 mM of DOX were added for an additional 60 min incubation. After incubation, the solutions were discarded, and the cells were washed three times with ice-cold DPBS and solubilized with 1% Triton X-100. The fluorescence of Rh123 and DOX were measured by high-performance liquid chromatography (HPLC) assay. The concentrations were determined from the fluorescence value through the construction of Rh123 and DOX standard curves. The amount of Rh123 or DOX in each sample was standardized with the protein content as determined by the Lowry assay.
Rh123 Transport Studies
When RBMECs or Caco-2 cells reached confluence, the integrity of monolayers was checked by both TEER value and the transport rate of fluorescein, a recognized paracellular transport marker (van Bree et al, 1988) . The qualified monolayers were rinsed two times with DPBS and preincubated with transport buffer at 371C for 30 min. In all, 0.5% DMSO, RSP, or PSC833 was loaded at both sides of the monolayers, then Rh123 (5 mM) was added into the basolateral side for the basolateral to apical (B-A) transport study or apical side for the apical to basolateral (A-B) transport study. At designated times, 150 ml samples were taken from the receiver compartment, and the same volume of receiver compartment solution was replaced immediately after each sampling. Concentrations of Rh123 were determined by HPLC. Apparent permeability coefficients, P app (cm/s) were calculated according to the following equation:
where dQ/dt is the rate at which the Rh123 appears in the receiver compartment, A is the diffusion area (cm 2 ), and C is the initial concentration of Rh123 in the donor compartment.
HPLC Analysis
An established HPLC assay was utilized for the quantitative analysis of Rh123 and DOX. The HPLC system consisted of a Waters 2690 Separations module (Waters, Milford, MA), a C18 reversed-phase column (300 Â 4.1 mm i.d., Versoack, Alltech, Deerfield, IL), and a Waters 474 scanning fluorescence detector (Waters, Milford, MA). The separation of Rh123 was carried out isocratically using 20 mM of sodium acetate buffer (pH 4.0):acetonitrile (40:60, v:v) at a flow rate of 1.0 ml/min. The mobile phase for DOX samples consisted of a 50 mM NaH 2 PO 4 buffer (pH3.0):acetonitrile (69:31, v:v) mixture with a flow rate of 1.0 ml/min. The detection wavelengths were 488 nm (lex), 535 nm (lem) for Rh123, and 480 nm (lex), 560 nm (lem) for DOX.
Statistical Analysis
Statistical analysis for significant differences was performed using the two-tailed Student's t-test. A p-value of 0.05 or less was considered to be statistically significant. Data were calculated as mean7SD for display in tables and figures.
RESULTS
RSP and PALI Increased the Intracellular Accumulation of Rh123 and DOX
By using Rh123 and DOX exclusion assay, RSP and PALI were evaluated for their potential inhibitory effects on P-gp efflux. Both RSP and PALI significantly increased the intracellular accumulation of Rh123 and DOX in LLC-PK1/MDR1 cells in a concentration-dependent manner (Figure 1a and b ). An IC 50 value of 63.26 mM was obtained for the inhibition of Rh123 efflux by RSP and 15.78 mM was recorded for DOX. At concentrations of 50 and 100 mM, PALI significantly increased the intracellular accumulation of Rh123 and DOX. However, this compound had much lower potency than RSP for inhibiting P-gp efflux activity, and its IC 50 values were 4100 mM for inhibiting P-gpmediated transport of both Rh123 and DOX. PALI, even at tested concentrations as high as 100 mM, did not increase substrate accumulation to levels approaching that of the positive control (PSC833 2 mM) in both Rh123 and DOX accumulation assays. Only when DOX, not Rh123, was used as P-gp substrate, the inhibitory effect of RSP (100 mM) was comparable with that of PSC833 (2 mM) (p40.05). With regard to P-gp negative LLC-PK1 cells, neither RSP nor PALI, at concentrations of 100 mM, had any significant influence on the intracellular accumulation of Rh123 or DOX.
Similar experiments were also conducted to evaluate the inhibitory effect of RSP on P-gp activity in another P-gp expressing cell line, Caco-2 cells. At concentrations ranging from 1 to 50 mM, RSP significantly enhanced the intracellular accumulation of Rh123 in a concentration-dependent manner through P-gp inhibition with an IC 50 value of 5.87 mM (Figure 2 ).
Effect of RSP on the Transport of Rh123 across Caco-2 and RBMECs Monolayers
Caco-2 and RBMECs monolayers were utilized in this study as in vitro models to investigate the influence of RSP on intestinal absorption and BBB entry of P-gp substrate, respectively. As shown in Table 1 , Rh123 exhibited highly polarized transport across Caco-2 and RBMECs monolayers (ie P app B-A bP app A-B ). In the presence of 10 mM of RSP, the transport of Rh123 was significantly decreased in the B-A direction but increased in the A-B direction in both Caco-2 and RBMECs monolayers (Figures 3 and 4) . In Caco-2 cells, the P app value was decreased by 62.9% in the B-A direction and increased by 102.2% in the A-B direction in the presence of 10 mM RSP. Regarding RBMECs, the treatment of 10 mM of RSP resulted in a 79.3% decrease of Rh123 P app B-A value and 162.5% increase of Rh123 P app A-B value. The positive control (PSC833, 2 mM) produced a similar and DOX (10 mM) in LLC-PK1/MDR1 cells after 1 h incubation in the presence or absence of RSP (1, 5, 10, 50, 100 mM), PALI (1, 5, 10, 50, 100 mM), or PSC833 (2 mM) was determined as described in the Materials and Methods section. LLC-PK1 cells were also included as the negative control. Each data value is the mean with a bar representing SD, n ¼ 4. *po0.05 vs control, **po0.01 vs control. effect on P-gp-mediated Rh123 transport across Caco-2 and RBMECs monolayers. In the A-B direction, 10 mM RSP increased Rh123 P app A-B value to levels equivalent to 2 mM PSC833 in both Caco-2 and RBMECs monolyers (p40.05).
In the B-A direction, 10 mM RSP exhibited a significantly higher effect in decreasing Rh123 transport across RBMECs monolyers than 2 mM PSC833 (po0.05), but less across Caco-2 monolyers (po0.05).
DISCUSSION
A previous in vitro study by our group using an ATPase activity assay provided some of first evidence that several atypical antipsychotic drugs, that is, quetiapine, olanzapine, and RSP, exhibited high affinity for P-gp (Boulton et al, 2002) . Subsequent in vivo studies in P-gp knockout mouse models by our group and others revealed that brain concentration, and ratio of brain-to-plasma concentrations of RSP and its major metabolite, PALI, were significantly higher in knockout mice vs wild-type animals (Wang et al, 2004a; Doran et al, 2005) . These results indicated that both RSP and PALI are substrates of P-gp and that their disposition might be influenced by the functional Results are reported as mean7SD, n ¼ 3. **po0.01 vs control.
status of P-gp. Furthermore, RSP has been reported to be a potential P-gp inhibitor by increasing the intracellular accumulation of the P-gp substrates Rh123 and calcein-AM in bovine brain microvessel endothelial cells and MDCKII-MDR1 cells, respectively (Mahar Doan et al, 2002; Bachmeier and Miller, 2005) . This possibility also offers the unique opportunity for RSP to influence the brain accumulation of PALI when the latter compound is formed in vivo from RSP administration than in comparison to separate administration as a pre-formed metabolite alone. No published data are available on the status of PALI as a P-gp inhibitor. In our current study, the MDR1 gene transfected cell line LLC-PK1/MDR1 was used to evaluate the inhibitory effect of both RSP and PALI on P-gp activity. The parental cell line LLC-PK1 was included as a negative control. The results demonstrated that both RSP and PALI increased the intracellular accumulation of Rh123 and DOX in LLC-PK1/MDR1 cells in a concentration-dependent manner, with RSP exhibiting a much higher potency than PALI. The increments of Rh123 and DOX caused by 100 mM RSP were 3.8 and 2.2-fold higher, respectively, than that caused by 100 mM of PALI. As a comparison, in P-gp-negative LLC-PK1 cells, both RSP and PALI did not alter the intracellular accumulation of Rh123 and DOX. As P-gp expression is generally viewed as the only functional difference between LLC-PK1 and LLC-PK1/MDR1 cells, these data suggest that the mechanism by which RSP and PALI increased Rh123 and DOX intracellular accumulation is through inhibition of P-gp-mediated efflux. Owing to the relatively weak inhibitory effects observed with PALI, further experiments using Caco-2 and RBMECs models were only conducted with RSP.
The intestinal epithelial cell line Caco-2 is one of the most commonly used in vitro models for prediction of intestinal drug absorption. A variety of transporters including P-gp are functionally expressed in Caco-2 cells (Hunter et al, 1993) . Co-administration of RSP at concentrations from 1 to 50 mM with Rh123 resulted in significant increases of the intracellular accumulation of Rh123 in a concentrationdependent manner. Owing to the apical localization and directional transport of P-gp in Caco-2 monolayers, the P app value of Rh123 in the B-A direction was approximately 10-fold of that in the A-B direction under our experimental conditions. This effect of RSP on the transport of Rh123 across Caco-2 monolayers is in agreement with its P-gp inhibitory activity. The transport of Rh123 was significantly decreased in B-A direction, but increased in A-B direction by the coadministration of 10 mM RSP.
To date, several cell culture systems have been established as in vitro BBB model (Terasaki et al, 2003) . Given the localized expression of P-gp, primary cultured brain microvessel endothelial cells have been widely used for the investigation of P-gp-mediated transport across BBB (Loscher and Potschka, 2005) . In this study, the potential influence of RSP on the P-gp-mediated drug transport through BBB was evaluated using primary cultured RBMECs monolayers. The results indicated that 10 mM of RSP significantly inhibited P-gp efflux and decreased Rh123 transport in the B-A direction but increased transport in the reverse direction, a finding consistent with the observations in the Caco-2 monolayers experiment previously discussed.
As more therapeutic agents have been demonstrated to be P-gp substrates and/or inhibitors, there is increasing evidence for P-gp-mediated drug-drug interactions (Balayssac et al, 2005) . It is well known that the intestinal absorption and brain entry of xenobiotics that are P-gp substrates can be significantly enhanced by the coadministration of P-gp inhibitors such as PSC833, GF120918 and verapamil Bardelmeijer et al, 2000; Nakagami et al, 2005) . One issue of concern when attempting to evaluate the possible influence of a P-gp inhibitor on the disposition of a coadministered drug is its inhibitory potency, along with the local concentration achieved by the putative P-gp inhibitor. According to our results of the intracellular Rh123 accumulation in LLC-PK1/ MDR1 cells, RSP and PALI showed significantly inhibitory effects on P-gp activity at and above the concentrations of 1 and 50 mM, respectively. After oral administration at typical therapeutic doses in rats, the mean peak plasma concentrations of both RSP and PALI were approximately 0.4 mM (Aravagiri et al, 1998) . Therefore, RSP, rather than PALI, may be more likely to affect the disposition of coadministered P-gp substrates.
It is recognized that P-gp is highly expressed in the liver and kidney. Sufficient inhibition of P-gp function can result in the delay of hepatic and renal clearance of P-gp substrates (Slapak et al, 2001; Pinto et al, 2005) . The ratio of liver and kidney to plasma concentration of RSP was 22.3 and 14.3, whereas that of PALI was 67.5 and 47.1, respectively, in an animal model (Aravagiri and Marder, 2002) . This significant tissue accumulation suggests that RSP and PALI may influence the pharmacokinetics of P-gp substrates through inhibition of P-gp in the liver and kidney. This issue has not yet been addressed in human studies.
The influence of a P-gp inhibitor on P-gp function within the BBB is a consequence of the inhibitor's potency, its plasma concentration, and its accumulation in BMECs, which form the BBB. Considering the relatively low plasma concentration of RSP, it is difficult to determine from the present experiments whether RSP could exhibit an inhibitory effect on P-gp within the BBB under usual clinical circumstances. Interestingly, our recent investigations have indicated that RSP significantly increased brain concentrations of the antidepressant sertraline and its principal metabolite desmethylsertraline in mice without altering their plasma concentrations at 1 h after i.p. injection (Wang et al, 2006a) . Sertraline and desmethylsertraline have previously been reported to be P-gp inhibitors (Weiss et al, 2003) . In addition, based upon a P-gp ATPase activity assay, our recent study indicated that sertraline and desmethylsertraline had high affinity for P-gp (Wang et al, 2006b ). The V max /K m values of sertraline (1.6) and desmethylsertraline (1.4) were comparable with that of the positive control P-gp substrate verapamil (1.7) indicating both compounds are potential P-gp substrates. It would be a reasonable assumption that the increases of sertraline and desmethylsertraline concentrations within the brain are the result of inhibition of P-gp in BBB after coadministration of RSP. Although our data demonstrated that both RSP and PALI are P-gp inhibitors in vitro, the clinical relevance of P-gp inhibition by RSP and PALI remains to be determined because of the lack of clinical data on P-gp-mediated drug interactions in humans involving RSP and PALI, and the intrinsic limitation of the relevance in vitro and animal experiments.
Of considerable theoretical interest is whether RSP, as a P-gp inhibitor, has an effect on the brain entry of its principal active metabolite and P-gp substrate PALI. Our previous work showed that the increase of brain-to-plasma ratio of PALI compared to RSP was greater in P-gp knockout mice than control mice (Wang et al, 2004a) . Although both these compounds are P-gp substrates, the added capability of RSP to inhibit P-gp at the level of the BBB suggests a potential for enhancing the entry of PALI into the central nervous system when PALI is formed following the oral administration of RSP. Such an effect would not be present if PALI was administered as a preformed metabolite in the absence of RSP. Recognition of such relationships between drugs and their metabolites may help design studies to determine effective doses and explain observed differences in pharmacokinetic or pharmacodynamic effects between metabolites formed systemically or developed as separate therapeutic agents.
The mechanistic basis of P-gp transport and inhibition has been intensively studied for many years. Several hypotheses have been developed in an effort to explain the molecular mechanism of interaction of P-gp and its substrates or inhibitors. However, owing to multiple drug binding sites on P-gp, the development of a universally accepted model for reconciling the data from various laboratories remains a challenge. It has been demonstrated that there is a minimum of four drug binding sites on P-gp. These sites can be divided into two categories: transport sites, at which translocation of drug across the cellular membrane can occur, and regulatory sites, which modify P-gp function (Martin et al, 2000) . In addition, some agents can inhibit P-gp activity by decreasing intracellular ATP supply and inhibiting P-gp ATPase activity (Batrakova et al, 2001) . Considering the fact that both RSP and PALI appear to be P-gp substrates as well as inhibitors, competition with other substrates for binding to P-gp is a possible mechanism of their P-gp inhibition. However, other mechanisms cannot be excluded and further studies are needed to elucidate the molecular basis of RSP and PALI interactions with P-gp.
